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Beedenue. Vi3BecTHo, YTO Ka4eCTBO H3euMM M3 CHeYCHHbIX 
TBepJIbIX CIABOB, IPH OTCYTCTBHM HapylleHuM TexXHOJIOrMU 
W3FOTOBJICHHA, OMpeesAeTCA (a3s0BbIM COCTABOM UH CpesHHM 
pa3MepomM 3epeH KapOugaHON dba3bl. OWHAaKO TBepsIble CIIaBbI 
oOaaloT HEOCTATKOM, MpHCylIMM B TOM WIM HHO cTeneHu 


BCeM W3,eJIMAM TOpOuIKOBOM 


CTpyKTypbI 4 
BapMalMeH cBOMCTB. TpaqMIMOHHbIe MeTOJbI KOHTPOIA 
CTpyKTypbl UU  (da30Boro 
BbIOOPOUHBIX pa3pyllalOlWMX UCIbITaHHH, He MWO3BOJIAIOT 


MeTaJIJIypruu — 
HeEOJJHOPOJHOCTBIO COOTBETCTBYFOINeH 


cocTaBa, 0 pe3yIbTaTaM 


olepaTuBHO B  YCJIOBHAX  MpOM3BOACTBa IoOyuaTb 
YHDOpMalluio O KayecTBe HW He rapaHTUpy!lOT UAeCHTMYHOCTH 
CBOMCTB BCeX U3qeuMH UucclheqyemMow aptruu. OcHOBHBIM 
MeTOJOM Hepa3pyllaromleroO KOHTpOJIA KayecTBa TBepJIbIX 
CIWIaBOB ABJIACTCA H3MepeHHe KOSPUMTHBHOK cCUusIbI. OaHaKo 
OTeCYECTBEHHBIX KOSPIMTHMeTpOB B HacToAMee BpeMA He 
Ipow3BoynTcs. B cBa3H C 9THM IeyIbIO HaCcTOAIIeH padorTHl 
ABJIACTCA CO3aHve OTeYeCTBeEHHOrO UHMOpMallMOHHO- 
W3MepUTeJIBHOTO KOMIMIeKCa JIA Hepa3spyllarolllero KOHTPOIA 
KauecTBa H3J[eJIMM 3 CICYCHHBIX TBEPAbIX CIWIaBOB MU OlleHKa 
JJOCTOBEpHOCTH MOJIYYCHHBIX C CFO MOMOLIbIO pe3yJIbTAaTOB. 
Mamepuaibi u  memodvi. B- padote  UCHOub30BaHbI 
IWIMHApMyeckve U cidepoKOHHYecKHe CTepxKHH JMaMeTpOM 
ot 4 yo 10 MM, M3roTOBJIeHHbIe 43 cimIaBoB MapoK BK8 u 
BKIOXOM. Ina ompeneneHua KOSpIMTHBHOM CHIBI B 
UHDOPMallMOHHO-H3MepHTeJIBHOM KOMIIJICKCe HCIOJIb30BaH 
MeTOJ CbaBHeHHA C ATTECTOBAHHBIM U3]eJIMeM. 

Pe3yibmamol —ucciedoeanus. IlpopeneHbl u3MepeHua 
KOSPUMTHBHOU CHJIbI AByX TapTHH W3qeNMi U3 TBepybIx 
cilaBoB MapkH BKIOXOM u mapxn BK8, BbIMOJHeHHBIX C 
TIOMOIIIbFO pa3pa0oTaHHoro YHOpMallMOHHO- 
W3MepHTeJIBHOTO KOMIIIeKca HW KOspuuTUMeTpa KOERZIMAT 
1.097 HcJ. 
O6cyncdenue u 3AKUOUeHUA. IIpopeyeHupte 
9KCIePUMeHTAaJIBHbIe UCCIeETOBAHHA WOKa3asIM, 4TO 3HadeHHA 
KOIPUMTHBHOM CHJIbIl OOpa3IlOB, MOJyYeHHbIe Ha pa3HOM 


oOopyOBaHHH, UMCIOT IIPHMepHO OJMHAaKOBbIM YPOBECHB. 
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Introduction. It is known that the quality of products from 
sintered hardmetals, if the fabrication technique is not 
violated, is determined by the phase composition and an 
average grain size of the carbide phase. However, hard alloys 
have a disadvantage inherent in all products of powder 
metallurgy - the inhomogeneity of the structure and the 
corresponding variation of properties. Traditional methods of 
monitoring the structure and phase composition according to 
the results of selective destructive tests prevent from receiving 
quality data under the production conditions and do not 
guarantee the identity of the properties of all batch products 
under study. The major method of non-destructive quality 
control of hard alloys is coercimetry, but domestic 
coercimeters are currently not produced. In this regard, the 
work objective is to create a domestic data measurement 
system for non-destructive quality testing of hard alloys and an 
assessment of the reliability of the results obtained with its 
help. 

Materials and Methods. Cylindrical and spherangular rods 
with the diameter of 4 to 10 mm, made of alloys of VK8 and 
VKI0OHOM grades, were used in the work. The method of 
comparison with a certified product was used to determine the 
coercitive force in the data measuring system. 

Research Results. The coercive force of two batches of 
products from hard alloys of VKIOHOM and VK8 grades was 
measured using the developed data measuring system and 
KOERZIMAT 1.097 HcJ coersimeter. 

Discussion and Conclusions. The experimental studies show 
that the values of the coercitive force of the samples obtained 


on different equipment have approximately the same level. 
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TloqTBep»xKeHa, KaK CJICICTBHC TeCXHOJIOTHH NpPOU3SBOJICTBa, 


XapakTepHadt UIA CIICUeHHBIX TBP JIbIX CIIIAaBOB 
HeEOJHOPOAHOCTb CTpyKTypbl. YunTEIBad, YTO OTHOCHTEeIbHAA 
TIOPpeluwHOCTh W3MepeHHH KOSPI[MTHBHOM CHJIbI AIA Kak Oro 
oOpa3ila OJDKHa HaXxOJMTbCA B Ipesenax + 6 %, MO%XKHO 
CUMTATb TIOJIYYCHHbIe pe3yJIbTaTbI YOBJIETBOPUTeJIbHBIMH. 
Iloka3aHo, 4TO [peJIOKeHHbIM UU peasIM30BaHHbIi B 
YHDOpMalMOHHO-H3MepHTesIbHOM KOMIIJICKCe ayIrOpuTM 
W3MepeHHaA IlyTeM CpaBHeHHA XapaKTepMCTHK UCIIbITYeMBIX U 
ATTECTOBAHHOTO OOpa3ila C H3BECTHOH KOIPUMTHBHOU cHJIOn, 
TIO3BOJIAeT MpOH3BOAUTeIIO W30eIMM U3 TBeEpybIX CIIIaBOB 
PaclIMpuTb BbIOOPKy KOHTPOJIMPyeMbIX HW3AeMU BIIOTh TO 
100% u cyllecTBeHHO CHW3HTb 3aTpaTbI Ha Hepa3pyllarollun 


KOHTPOJIb IIPOJLYKIIMM. 


Kuouesbie c0Ba: TBepAbIe CIaBbl, Hepa3spylWarouiun 
KOHTPOJIb KaYeCTBAa, KOSPIMTHBHaA CHa, HHPOpMallMOHHO- 
U3MePpHTeJIBHBIM KOMIIJICKC. 


Oopa3zeu Ona uumupoeanua: Lp0pui, VU. K. Undopmatnon- 


HO-H3MepHTeJIbHBIM =KOMIMUICKC WIA Hepa3pyliiarollero 
KOHTpOJIA KayecTBa TBepybIx cmiaBoB / VU. K. Lp0pui, 


VW. JI. Barmxops, B. UW. Urnarenko. — Bectuuk JIoHn. roc. TexH. 





The inhomogeneity of the structure characteristic of sintered 
hardmetals being a fabrication technique effect 1s confirmed. 
Providing that the relative error of measuring the coercitive 
force for each sample should be within + 6%, the results 
obtained can be considered satisfactory. It 1s shown that the 
measurement algorithm proposed and implemented in the data 
measurement system through comparing the characteristics of 
the tested and certified samples with the known coercitive 
force, allows the manufacturer of hard alloy products to 
expand the sample of inspected products up to 100%, and to 
significantly reduce the costs for non-destructive testing of 
products. 


Keywords: hard alloys, non-destructive quality control, 
coercitive force, 
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Bpejenne. Cpeqnw MatepvaosB, WoulyuaeMbIX MeTOAaMH TOPOWKOBOM MeTasIypruv, WMpoKoe 
pacmpocTpaHeHve TOsyauIH TBepyAbIe CiaBbl, Oa30BbIM COCTaB KOTOPBbIX IIpesCTaBIAeT COOOM MeIKOMCIHepcHBle 
KapOuybl BOb)paMa UW TUTaHa Ha KOOaNbTOBON cBaA3Ke. II]pHMeHeHHve V3eNMM 43 TBeEPbIX CIIIaBOB OOYCIIOBIIeCHO 
PAIOM IICHHBIX CBOHMCTB, TaKHX KaK TBEPJIOCTb, COMPOTHBJIEHHe H3HOCY Ip TpeHuH, H3HOCOCTOMKOCTh. B To *e BpeMA 
HapyllieHve TeCXHOJIOrMH MpOW3BOACTBa MOPOMIKOB WH OCOOeHHOCTeH CIeKaHHA BbI3bIBAIOT NOABJIGHHe CTPyKTypHOH 
HeEOJHOPOAHOCTH BHYTPpU OAHOM MapTHH TOTOBBIX W3eIMM U, Kak CuIeICTBHe, HEOJHOPOAHOCTH SKCIIyaTalMOHHbIX 
XapaKTepHCTHK B IWMpoKHx mpeyenax. IlooTOMy BbIOOPpOUHBIN KOHTPOJIb HCCKOJIBKUX TBEPAOCIIABHbIX V3eInN U3 
llapTHU Cc IpMMeHeHHeM, HalipuMep, MeTaIorpaduyeckoro aHasiu3a WIN MCXAaHW4eCKHX UCIbITAHUH He JaeT rapaHTuu 
UCHTHYHOCTH CTPyKTypbI HW CBOMCTB BCeH MapTHu. 

Vi3BecTHO, 4YTO KayeCTBO H37eMM U3 CIIC4YCHHbIX TBePJIbIX CIWIABOB OlpeyeaeTCA, TlaBHbIM OOpa30M, 
(ba30BbIM COCTaBOM, T.e€. COOTHOIICHHeEM KOIMYeCTBAa (eppOMarHHTHOM KOOaNbTOBOM (a3bl WU MapaMarHHTHbIX 
KapOuJIOB HW CpeHUM pa3MepoM 3epeH KapOugzHoN daz [1—3]. IIpu duxkcupoBaHHoM coyepxKaHun KOOAaIIbTOBON (a3bl 
Ia KaxkKOM MapKu TBepJOCMIaBHOrO MaTepHasia MpOUHOCTb TOTOBBIX W3eIMM WpakTW4YeCKH IIOJIHOCTBIO 
OlpeylesMeTCA 3ePHUCTOCTbIO KapOuos [4]. 

AJIbTepHaTHBOM pa3spylaloulMM WCIIbITaHHAM ABIIAeCTCA Hepa3pyllalollMH KOHTPOJIb KayeCTBa TBEepJIbIxX 
ClaBOB I10 KOSPIMTHBHOM cusie, KOTOpad B TepBOM pwOsMKeHHH OOpaTHO-MpOMOplMOHaIbHO 3aBHCHT OT 
B3epHHCTOCTH KapOuyoB. 3HAaYeHHe KOSPIUMTHBHOM CHJIbI, Hapsayy C IMpO4HOCTHbIMH XapaKTepHCTHKaMU TBepbIX 
CI1aBOB, BBeJeCHO B JIeMCTBYIOINMe TO HacToslero BpeMeHu cTaHapTbI [5,6]. OqHakO OTCyTCTBHe B HacTosee 
BPeMA IIPOW3BOCTBAa OTCYECTBCHHBIX KOIPIMTUMETPOB BBIHYKIACT UPOWM3BONMTeIeM W3eMM U3 TBepJIbIxX CIIJIaBOB 
IIPHMeCHATh JIA Hepaspylarolllero KOHTPOJIA 3apyOexKHble aHasOrH. 

B cBa3H C 93THM, IeJIbIO HacTOAei paOoTbI ABIAOCh CO3aHHe MHPOPMal|MOHHO-H3MepHTesIbHOrO 
KOMIMIeKca JIA Hepa3pylarollerO KOHTpOJIA KayecTBa V3euM U3 CIeCYCHHbIX TBePJIbIX CIIaBOB HU OLleHKa 
JJOCTOBepHOCTH MOJIYYeCHHBIX C eFO TOMOIIbIO pe3yJIbTATOB KOHTPOJIA MWyTeM CpaBHeHWA C pe3ylIbTaTaMH, 
NOJIYYCHHBIMH TPH UCHOIb30BaHHH KOIpPUMTUMeTpa KOERZIMAT 1.097 HcJ dupmpr «Institut Dr.Foerster GmbH & 
Co. KG» [7], BkaroueHHoro B I ocyaapcTBeHHBIM peectp P® cpeycTB u3mMepeHnu [8]. Pe3synbTaTEr u3mMepeHua 
KOSPUMTHBHOM CHJIbl Ha kKOspuMTHMeTpe KOERZIMAT 1.097 HcJ mpenoctrapnentr OAO «Cepmyxosckun 
WHCTPYMeHTaJIBHBIN 3aBO «TBUHTOO». 


http://vestnik.donstu.ru 
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cbepoKOHH4ecKHe CTep2xKHU JHaMeTpom oT 4 70 10 MM, H3rOTOBJICHHbIe H3 CIiIaBOB MapoK BK8 u BK1OXOM. 

Pa3pa0oTaHHbIM WHDOPMallMOHHO-H3MepHTesIbHbIM KOMIseKc [9,10], cTpyKTypHad cxeMa KkOTOporo 
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Tsybriy I. K. and the others. Data measurement system for non-destructive quality testing of hard alloys 


HomMepHtesn- ¥crpolicTeo ¥cTpoHcTeo 


HEI 610K MaclT ablpor aHHa MaTeMaTHyeckoi obpaboTKH 


Crabwmnatop 


HallpA:KeHHA Bnok IHTaHHA OpraHsl yipabweHHa 1 


Poe HHIHK alli Jeb 01 Wane JH 


190R 50Tu ab TOMATHEH 





Puc.1. CrpykrypHas cxeMa HHPOpMalIMOHHO-H3MepHTeJIbHOrO KOMIIeKca 


CraOunu3aTop Halips»KeHuaA COOpaH Ha MOBbIMAONIeM TpaHcdopMaTope U peyHa3HaueH JIA yBeIM4eHHA 
HanpskeHuA WMTaHHa WO 300 B u nogauu ero Ha KaTyIIKy HaMarHHynBaHA W3MepuTebHOrO OOKa. BKaroueHue 
TpaHcWopMatTopa Mpon3BOAMTCA MarHHTHbIM IyCcKaTesIeM C HCKpOracalIMM KOHTYpOM, 4TO OOecIIeyMBaeT MATKOe 
BKJIKOUCHHe HW BbIKIIIOUCHHe U3MepHTesbHOrO OOKa. YupaBsleHve MarHHTHbIM ITYCKaTeJIeEM OCYIICCTBIIAeCTCA 
MUKPOKOHTPOJIJIEPOM Uepe3 CHMUMCTOPHY!O0 CXeMy BKJIFOUeCHHA. 

Vi3MepuTesIbHbIM OOK pescTaBlaeT CoOOM COJIeHOUA Cc HaMarHHynBarolllen KaTyWIKOM UW 3aKperJIeHHbIM 
BHYTpH Hero H3MepHTeJIbHBIM KOHTypoM (puc. 2). [lapameTpbl KaTyWIKH HaMarHHYMBaHHA MO3BOJIAIOT MOJyYaTb 
HallpsoKeCHHOCTbh MarHUTHOrO MOA BHYTpH coueHouna WO 350 KA/M. BemwunHa MarHuTHOrO MOJIA, CO34aBaeMOro B 
cojleHonye ON0Ka HaMarHH4uBaHHA, TMO3BOJIACT W3MeCPATb KOSPIMTHBHY!O CHIITy OM3KO K MOJIKO HacbIl[eCHHIo 
Matepuasia. 

YctpolicTBo MacliTaOupoBaHHaA WpesHa3sHayeHO JId HaCTpOMKH YypOBHA U3MepxsxeMOrO CHrHala NOL 
BO3MO2KHOCTH MMKPOKOHTpossiepa. buoK MMTAHHA UW pesIeHHOM aBTOMATHKH pesqHa3HayueH IA MOAadW pa3IM4HOrO 
BHa MW YpOBHA Halips»KeHHH Ha COCTaBHbIe YaCTH YCTPOMCTB MacCIITaOMpOBaHuA, MaTeMaTH4eCKOM OOpadoTKH U 
OpraHbl ynpaBJIeHuA UW MHAMKAalnM. 

KOmywka HOMQZHUYUGQHUF Kowmponypyemoe usdenue 


IDOI 
POR 


RRO QAP DOM MOOG 
SOOO) SOOCCOCOCOCOOCOOO 


/ Viamepumenexas oomom«a =} Fpabrobeuubaoway oomoma 





Puc. 2. U3meputembubiii O10K 


YcTpolicTBO MaTeMaTHYecKON OOpaOOTKU NpesHa3sHa4eHo JIA BbIYMCICHHA U 3alOMMHAaHUA YpOBHA CHrHasia 
COOTBETCTBYFOINerO KOSIPIMTHBHOM CHIE aTTeCTOBaHHOrO OOpa3ila WH BbIMHCIICHHA MCTOXOM CpaBHeHHA ypOBHA 
CHIHasla, COOTBETCTBYIOINCrO KOIPIUMTHBHON CHJIe IpOBepxAeMOTLO H3eNMA. 

AJIFOpuTM padoTsi HHOpMallMOHHO-H3MepUTeJIBHOTO KOMIMIeKCa Cue yIOUMH: 

— aTTeCCTOBaHHbIl OOpa3ell NOMeINaeTCA B U3MePHTeCJIbHbIM OOK, 3HAYCHHE KOIPIMTHBHOM CHJIbI BbIBOJUTCA 
Ha MHAMKAaTOp JIMNeBOn MWaHesn; 

— W3MepseTcaA UW 3allOMMHaeTca HalilpsaxKeHHe Uj), COOTBETCTBYIOMNIece H3BECTHOMY 3HaYeHHIO KOIPIMTHBHOU 
CHIBI; 

— aTTe€CTOBaHHbIit OOpa3ell yasIaeTCA U3 M3MePUTeJIbHOTO O10Ka; 

— UCIIbITYeMBIN OOpa3ell MOMeMaecTCA B H3MeCPUTeJIbHbIM OOK; 

— W3MepseTcaA UM 3alOMMHaeTcaA HalipsaxKeHuMe U>, COOTBeTCTByIOIIee 3HAYCHHIO KOSPIIMTHBHOU CHIIbI 
UCIIbITYeMOrO OOpa3ila; 

— TlOJy4eHHOe NyTeM cpaBHeHHaA HaripsxeHui U, u U, 3Ha4eHHe KOSPUMTHBHOU CHJIbI MCIIbITYeMOro OOpa3iia 
BbIBOJMTCA Ha HHAMKAaTOp JIMIeBON anes; 

— UCIIbITYeMBI OOpa3ell yAaIAeTCA U3 U3MePHTeJIbHOrO O10Ka. 

IIpu HeoOxo,MMOCTH H3MepeHHsA TapTHu W3euMH OFHOW MapKU MU OAHOTO THMOpa3sMepa C aTTeECTOBAHHbIM 
oOpa31l0M IIpoljecc U3MepeHHA MOBTOPAeTCA, HAYMHA C ITYHKTAa 4). 

PesyJIbTaTbI HcceqoBaHHa. Pe3syibTaTbl CpaBHHTeIbHOrO aHasIv3a, MOJIyYeHHbIe WyTeM U3MepeHHA 
3Ha4eHHH ~KOOPIMTHBHOH cusbl 24 oOpa3ll0B w3qeuHi U3 TBepbIX cimaBoB MapKH BKIOXOM c._ nomotrtbt1o 
pa3paO0oTaHHOro HHMOPMAallMOHHO-H3MepHTeIbHOrTO KOMIIeKca (pasa 1) u KOopuuTuMeTpa KOERZIMAT 1.097 HeJ 
(pa, 2), mpeazcTaBieHbi Ha puc. 3. AHanOrMyuHble pe3yibTaTHl A 46 OOpa3ilOB H3 eM 43 TBepbIX CIIaBOB MapKu 
BK8 mpeyctTaBienst Ha puic. 4. 
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Puc. 3. KospuuTusuas cusia oOpa3l0B MapKu BK1OXOM 
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Puc. 3. KospuuTusuas cua oOpa3il0B MapKu BK8 


OdcyxxTeHnHe. [IpoBeyeHHbie SKCIepHMeHTAJIbHbIe UCCIeOBAHHA MOKa3aIM, YTO 3HAYCHUA KOIPIMTHBHOM 
CHJIbI OOpa3ll0B, MOJy4YeHHbIe Ha WpHOope «KOERZIMAT 1.097 HcJ» u undopMallMOHHO-H3MePUTeEJIbBHOM KOMILICKCe, 
UMEIOT IIPHMePHO OJMHAKOBbIM YPOBCHb. Y4UTHIBAA, YTO OTHOCHTEIIbHAA MOPpelIHOCTh H3MepeCHHA KOIPIMTHBHOU CHIBI 
Ja KOSpunTuMeTpa K(KOERZIMAT 1.097 HcJ» Haxogutca B npeyemax + 6 %, MOXKHO CUNTATh MOJYYCHHBIC Pe3yJIbTAaThI 
CpaBHUTeJIbHbIX UCIIbITAHUM YAOBJICTBOPUTeJIbHbIMH. 

Bapualiua 3HauveHHM KOIPUMTUBHON CHJIbI OOpa3llOB B paMKax OHO MapKu WO 10-12% MoxeT ObITb BbI3BaHa 
CIE XYIOMMMH Tpv4nHaMn: 

— VCIIOJIb30BaHHeM Tp CileKaHHY MOPOLIKOBBIX CMeCcel Pa3HbIX NPOHN3BOUMTeTeH; 

— HecoOsHOJeHHeM TpeOyeMBIX PexXMMOB IIpOH3BOJICTBA; 

— BJIMAHWeM Ha TOKa3aHHA NpHOOPpoOB KOHMUrypalluu OOpa3lOB, T.K. MOHWKeCHHbIe 3HAYCHHA KOSPIMTMBHOM 
CHJIbI HaOsOWaNch Ha OOpa3zilax CPepoKOHHYeCKON POpMBI, Kak CJIeCTBHe OONbIMIerO pasMarHu4unBarollero (akTopa, 
XapaKTepHOro JIA TaKOTO TUNA OOpa3loB. 

3akro4ueHne. Takum 00pa30M, CpaBHHTeJIbHbIe HCIbITAaHHA HYHPOPMaIMOHHO-H3MepHTeJIbHOrO KOMIWICKCa 
oKa3aIM TMPWHUMMNaIbHy!O BO3MO2%KHOCTb erO UCIMONb3OBAHHA JIA KOHTPOJIA KayeCTBa U3eMH U3 CIe4eCHHbIX 
TBCPbIX CIIaBOB, a TpeWIOKeCHHbIN WU peasIM30BaHHbIM B KOMIMUICKCe asJIrOpPHTM W3MepeHna IlyTeM cpaBHeHuA 
XapaKTepHCTHK UCIIbITYeMbIX OOPa3IlOB HM aTTeCTOBAaHHOrO OOpa3lla C H3BECTHOM KOSPUMTHBHOM CHJION, MO3BOIIAeCT 
IIpOW3BOAUTeIIO H3eIMM M3 TBeEPAbIX CIJIaBOB PacIIMpUTb BbIOOPKy KOHTPOJIMpyeMbIX U3AeuHH BUIOTb WO 100%, 
COKpaTHTb BPeCMA Ha KOHTPOJIbHbIe OllepallMH UW CYyICCTBCHHO CHH3UTb 3aTpaTbI Ha Hepa3pylllarollui KOHTPOJIb 
IpowyKuuu. 
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